Summary: Sixty-one human livers obtained from donated Japanese adult cadavers were dissected to reveal the ramification pattern of the portal and hepatic veins, and their topographical relationship in the left anatomical lobe. The segmental portal vein supplying S2 (P2) tended to form a single stem, whereas that of S3 (P3) was usually double. An intermediate branch between P2 and P3 was observed in 23.0% of livers. In spite of variation between livers, definite P2 and P3 were identified in 47 specimens. One tributary of the left hepatic vein (LHV) was usually present for drainage of S2, and two tributaries were present for S3 (sometimes also for S2 and/or S4). The latter two tributaries of the LHV and the two subsegmental branches of S3 showed three patterns of three-dimensional interdigitations. From these results, the portal vein system did not seem to have a two segmental composition (i.e., S2 and S3) in 23.0% of specimens, whereas the hepatic vein system did not have an intersegmental course in 23.4%. Thus, there were obvious limitations in using each system to determine the liver segment. Taking the overlapping cases into consideration, the left anatomical lobe of 41.0% of specimens did not seem to fit the definition of Couinaud's liver segment. In addition, four patterns of fissure vein (or scissural vein), >5 mm in diameter at its terminal, were identified: (1) middle hepatic vein type (left median vein, 9.8%); (2) LHV type (left medial vein, 41.0%); (3) true fissure vein (3.3%); and (4) absent cases (45.9%). The former two types also suggested limitations of the hepatic vein system as an indicator of the segmental border.
The left anatomical lobe (or the left lateral segment) of the liver is divided into two segments, segment II (S2) and segment III (S3) (Couinaud, 1989 ; Liver Cancer Study Group of Japan, 1997). The left hepatic vein (LHV) was believed to run along an intersegmental border plane between 52 and 53 (Bismuth, 1982; Couinaud, 1989; vanLeeuwen et al., 1994 ; Liver Cancer Study Group of Japan, 1997).
Recently, in association with the world-wide spread of living-related liver transplantation, ramification patterns of the portal and hepatic veins in the left anatomical lobe have been noted by surgeons and radiologists (Czerniak et al., 1989; Kazemier et al., 1990; Soyer et al., 1995; Cheng et al., 1999) . However, the topographical relationship between the portal and hepatic veins in the left anatomical lobe is outside the interest of these clinicians, since it has no bearing on how to prepare the graft. Moreover, in recent studies, S2 and 53 have not been identified according to portal vein ramification, but by their comparative locations in the liver, as performed on other liver segments (Hata et al., 1999) . According to Nagaoka et al. (2001) , the comparative location of S2 and S3 varied significantly between different specimens, except that they always fulfilled the specific rule that S2 is always located dorsally to S3. Therefore, the topographical anatomy between the two venous systems is still obscure. In 1985, Kumon et al. reported that the LHV did not indicate the segmental border in 27.5% of their 58 cast specimens, because the LHV and its tributaries were located ventrally to all of the segmental portal veins. In 1999, Hata et al. reported that the portal and hepatic veins did not interdigitate three-dimensionally at the peripheral portion near the caudal margin of the liver, and that the topographical relationship between them was rather incidental. The "left (superior) medial vein", a tributary of the LHV draining S4 (Hardy, 1972; Baird and Britton, 1973; Masselot and Leborgne, 1978; Honda et al., 1991) , as well as the "left median vein", a tributary of the middle hepatic vein (MHV) (Cheng et al., 1996 (Cheng et al., , 1999 , if they are present, seem to break the rule that the hepatic vein runs along the segmental border.
Liver segments are prepared on the basis that the topographical relationship between the portal and hepatic vein systems is always consistent. In the present study, we investigated whether the LHV really runs between the segments in the left anatomical lobe using controlled left liver specimens after identification of the segmental border according to portal vein ramification. The purpose of the study was to investigate the limitations of the segmental system in the lobe.
Materials and Methods
Sixty-one livers, which were free of macroscopic pathology, were examined. These livers were obtamed from donated Japanese cadavers (aged 39-86 years) that had been fixed by perfusion of 8-10 1 of 10% (v/v) formalin solution through the femoral artery. Most of these human livers had been used in previous investigations in which the hepatic segments of the right lobe had been dissected (Hata et al., 1999; Kitagawa et al., 2000) .
Each specimen was dissected minutely, not only through their visceral (inferior) surface, but also through the upper, diaphragmatic surface of the left anatomical lobe. The liver parenchyma was removed with forceps to reveal the portal branches arising from the lateral side of the umbilical portion of the left portal vein. Tributaries of the LHV were also dissected from the terminal at the diaphragmatic surface. Observations were depicted by linedrawings and photographs. Thin twigs < 2 mm in diameter were neglected from consideration in the present study according to criteria described elsewhere (Yamane et al., 1988; Hata et al., 1999) .
The entire course of the LHV was observed, even when it drained part of S4 (the left medial vein). Conversely, if tributaries of the MHV extended its drainage territory to 53 (left median vein), these were also depicted. However, for the fissure vein (Masselot and Leborgne, 1978) or similar morphologies, including the left medial or median vein, the diameter was changed to 5 mm, because a thick vein is required for the preparation of an extended left liver graft (Yamaguchi et al., 1993; Kawasaki et al., 1996) , and because of the suggested high incidence of these cases (Masselot and Leborgne, 1978) .
The portal vein ramification was classified into three types as described by Czerniak et al. (1989) (Plate 1), although their observations were limited to origins of the portal vein branches around the umbilical portion. To identify segmental portal branches in the left anatomical lobe, as described by Nagaoka et al. (2001) , the assumption was made that 52 is always located dorsally to 53.
Results

Ramification Patterns of the Portal Vein Branches
Two or three leftward branches supplying the left anatomical lobe were observed coming out of the left portal vein: two in 54% (33/61) of livers, and three in 46% (28/61). The 33 specimens with two portal branches were classified into three types as described by Czerniak et al. (1989) (Table 1 , Plate 1): one specimen had a common trunk (Type 1), seven specimens had a common orifice (Type 2), and 25 specimens had two independent branches arising separately (Type 3). In 28 specimens with three portal branches, no specimen was Type 1, four were Type 2, and 24 were Type 3 (i.e., with three independent branches). However, this classification did not reveal how many segmental branches were present.
In the specimens where the left portal vein issued two branches (33/61), a segmental branch to S2 or 53 (P2, P3) could easily be identified. In contrast, in specimens with three branches (28/61), 14 had a morphology that was intermediate between P2 and P3. Nevertheless, according to our hypothesis P2 could be distinguished from P3 in 47 specimens, including 14 with three branches (Table 2) . P2 did not tend to divide into thick subsegmental branches, whereas P3 usually divided into two thick branches (Plate 2). The ventral subsegmental branch of P3 (P3vent) curved cranially, while the dorsal one (P3dor) extended straightly to the lateral side. These two subsegmental branches had a similar diameter. In specimens in which two S2 segmental branches originating independently from the left portal vein were identified, one branch was apparently thinner than the other. The mean diameter of definite P2 (47 cases) was 6.7 + 1.7 mm at its origin from the left portal vein, while P3 was 7.6 + 1.6 mm. The mean distance between these branches was 7.0 + 5.6 mm along the left portal vein.
Topographical Relationship Between P2, P3 and the LHV The LHV (mean diameter, 9.6 + 2.2 mm at its terminal) crossed the left anatomical lobe obliquely from the ventro-caudal side to the dorso-cranial side. Some LHVs had a straight course, whereas others curved from the lateral to the medial side. The LHV stem consistently passed ventrally to P2, although a thick tributary from S2 (Plate 2), termed the left superior vein by Hardy (1972) , usually joined the terminal portion of the LHV stem at a point immediately dorsal to P2. The peripheral portion of the LHV (that ventral to the point merging with the left superior vein) drained 53 and, sometimes, also part of S2. The peripheral stem of the LHV was almost always formed by union of two tributaries: dorsal and ventral tributaries, both of which crossed and/or sandwiched P3. The dorsal tributary drained part of 52 as well as S3, whereas the ventral tributary drained 53 (and sometimes part of S4). Because P3 was also composed of two subsegmental branches, the topographical relationship between the portal and hepatic veins in S3 varied from one specimen to another.
Three patterns of interdigitation between P3vent, P3dor and LHV tributaries were observed (Plate 3). In pattern A (15 specimens), both dorsal and ventral tributaries of the LHV ran on the dorsal side of P3. In pattern B (21 specimens), only the dorsal tributary ran on the dorsal side of P3; the ventral tributary ran on the ventral side of P3 (11/ 21, pattern B-1), or between two P3s (10/21, pattern B-2). In pattern C (11 specimens), neither of the two LHV tributaries ran on the dorsal side of the dorsal branch of P3. Thus, no hepatic vein (> 2 mm) was located between P2 and P3. In seven pattern C cases, both dorsal and ventral tributaries of the LHV ran between the two P3s (pattern C-1), whereas in the other four, one of the two tributaries lay between the P3s (pattern C-2).
Fissure Vein and Its Analogues
A true fissure vein, >5 mm in diameter, was only observed in two specimens (3.3%) where a thick vein drained both S3 and S4, ran craniodorsally and flowed into the common stem of the LHV and MHV. However, a thick tributary/tributaries of the LHV arose from S4 in 25 specimens (41.0%, Plate 2), whereas a thick tributary/tributaries of the MHV originated from S3 in six specimens (9.8%). The former was termed "the LHV type" (i.e., left medial vein) and the latter, "the MHV type" (i.e., left median vein) (Plate 4). In these two types, one or a few tributaries crossed over the intersegmental border along the falciform ligament and ligamentum teres. There was no actual fissure, but continuous liver parenchyma between S3 and 54. The residual 28 specimens (45.9%) did not have the thick fissure vein or a similar morphology. The diameter of these tributaries at the joining point with the LHV or MHV stem ranged from 5-8 mm (for most, 5 mm). The LHV type usually comprised one thick tributary but, in one specimen, it was associated with three other thin tributaries (2-4 mm in diameter) joining more distally to the thick one. The vein(s) from S4 emptied into the proximal LHV stem (17/25), even at a point proximal to the joining of the left superior vein, or into the ventral tributary (8/25). In the MHV type (six specimens), a tributary merged into the MHV stem at a point 10-30 mm proximal from the terminal. In one of the six specimens, two other thin tributaries coexisted and joined the MHV stem more distally to the thick one. The drainage territory of these tributaries in 54 (true fissure and LHV type) or 53 (MHV type) was usually restricted to the area near the umbilical portion of the left portal vein and ligamentum teres. (Table 1 ). In the present study, the incidences were 2%, 22% and 76%, respectively. However, when the present results were compared with those of Czerniak et al. (1989) and Kazemier et al. (1990) , the most critical difference seemed to be the fact that the present results included 14 cases in which P2 and P3 could not be discriminated clearly due to complicated ramification and/or intermediate branches. Inoue et al. (1986) reported patients with a single stem issuing dorsal (to S2) and ventral (to S3) branches, without formation of P2 and P3 stems (6/160) using percutaneous transhepatic portography, but no such case was observed in the present study. The incidence of different ramification patterns of the portal vein varies considerably from one study to another, partly due to the different observation methods used (i.e., dissection, cast, ultrasound and portography), and partly due to racial differences in the human population studied (Hata et al., 1999) . However, Hata et al. (1999) speculated that the "threshold" for identification of the branch may differ considerably between different studies. In the present study, thin veins < 2 mm in diameter were ignored. However, most studies to date have not used such a threshold.
An intermediate branch between P2 and P3 was identified in 23.0% of specimens. Elias and Petty (1952) classified portal vein branches in the left anatomical lobe into three categories: Ramus crania/is aut superior lobi sinistri (cranial branch), Ramus intermedius lobi sinistri (intermediate branch) and Ramus caudalis aut inferior lobi sinistri (caudal branch). However, this classical description has recently been ignored, possibly due to the spread of Couinaud's segment system (1989). Conversely, in 77.0% of the present livers, the border between S2 and S3 could be determined by portal vein ramification (Table 2) . To summarize the portal vein ramification observed in this study, P2 tended to form a single stem, whereas P3 was usually double. This is consistent with ramification of the bile ducts in the left anatomical lobe (Nimura et al., 1995) .
Although various patterns of joining of tributaries of the LHV have been reported (Elias and Petty, 1952 1952) noted topographical variations in the crossing patterns of LHV and P3. However, these latter authors noted this variation from comparative anatomy studies. The present results show that patterns A and B (76.6%) had a LHV tributary passing between P2 and P3, whereas in pattern C (23.4%), the segmental border could not be determined by the course of the hepatic vein, but only by the portal vein territories.
The fissure vein or scissural vein (Masselot and Leborgne, 1978) , if limited to it's "true" morphology, is a specific vein running along the sectorial border (between the lateral and medial sectors). However, this concept actually seemed to include various patterns, such as the MHV and LHV type, in the present study. Therefore, a pair of confusing terms has been used (i.e., the left "medial" vein, corresponding to LHV type in the present study, and the left "median" vein, corresponding to the MHV type). It seems likely that Wind et al. (1999) confused these two veins and might also have included the S8 vein in this category. Due to these confused definitions, the incidence of these veins also varies between different reports. According to Masselot and Leborgne (1978) , 65% of cases flowed into the terminal portion of the LHV (most of the LHV type, 17 specimens (27.9%) in the present study), 15% into the distal portion of the LHV (LHV type, eight specimens (13.1%)), and the other 15% corresponded to the true fissure vein (two specimens (3.3%)). The absence of a fissure vein or its analogue was described in only 5% of cases by Masselot and Leborgne (1978) , whereas in the current study this figure was 45.9%, although our definition of the vein was limited to those > 5 mm in diameter. It is believed that a real intersegmental (or intersectorial) vein is rare between the lateral and medial sector of the left lobe. In spite of the relatively low incidence of thick veins (approximately 50% in the present study), the clinical relevance of these veins (their application to extended left liver graft using "S2 + S3 + a part of S4" in living-related liver transplantation) has already been established (Yamaguchi et al., 1993; Kawasaki et al., 1996) . Moreover, variation of the LHV type was applied in cancer surgery much earlier than in transplantation (Baird and Britton, 1973) .
Overall, the present results show that the portal vein system did not have a two segmental composition (S2 and S3) in the left anatomical lobe in 23 There is no thick tributary along the intersegmental border plane between S2 and S3 in pattern C (11/47; 23%). Instead, the LHV is located between P3vent and P3dor in subpattern C-1, while in subpattern C-2, only the dorsal tributary is between them. 
